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In solid state recycling processes, there are two methods in recycling aluminium 
which are conventional and direct conversion methods. Direct conversion method is 
a current approach that excludes the metal chips re-melting process compared to the 
conventional recycling method. Direct conversion in a hot extrusion process that 
contributes to the green technology production in reducing energy consumption, 
operating costs and parts. This research aims to investigate the effect of silicon 
carbide (SiC) on mechanical and properties of recycled aluminium AA6061 
produced by hot extrusion method. This study employed full factorial 23 design 
experiments that should satisfy the two operating temperature (T) of 450°C and 
550°C, with two preheating time (t) of 1 hour and 3 hour reinforced with two volume 
fraction of silicon carbide (SiC) of 5 wt.% and 15 wt.%. Response Surface 
Methodology (RSM) utilized the factor towards the response which is Ultimate 
Tensile Strength (UTS), Elongation to Failure (ETF) and Microhardness (MH). The 
best parameter setting for the extrusion was found to be at T=550°C, t=1 hour and 
SiC=5 wt.%. This parameter resulted in UTS=18022 MPa, ETF=18.07%, 
MH=71.52Hv, and Density=2.73 g/cm3. Based on RSM, with desirability of 87.67%, 
the optimum parameter T=550°C, t=2 hour and SiC=5 wt.% were suggested an 
optimized composite performance. The mechanical properties were analyzed by 
tensile and microhardness testing. While that, the physical property analysis was 
focusing on density and microstructure analysis. In conclusion, hot extrusion process 













Terdapat dua kaedah dalam kitar semula aluminium iaitu kaedah penukaran 
konvensional dan secara terus. Kaedah penukaran terus adalah pendekatan semasa 
yang mengecualikan proses pencairan logam melalui kaedah konvensional. 
Penukaran secara terus melalui proses penyemperitan panas menyumbang kepada 
sistem teknologi hijau dalam mengurangkan penggunaan tenaga, kos operasi dan 
bahagian. Kajian ini bertujuan untuk mengkaji kesan silikon karbida (SiC) pada 
mekanikal dan sifat aluminium AA6061 yang dikitar semula melalui kaedah 
penyemperitan panas. Kajian ini menggunakan eksperimen reka bentuk faktorial 
penuh 23 menggunakan dua suhu operasi (T) 450°C dan 550°C dengan dua masa 
pemanasan (t) selama 1 jam dan 3 jam diperkuatkan dengan dua komposisi silikon 
karbida (SiC) daripada 5% dan 15%. Kaedah Gerakbalas Permukaan (RSM) menilai 
faktor-faktor yang berkaitan dengan tindak balas Kekuatan tegangan muktamad 
(UTS), Pemanjangan kearah kegagalan (ETF) dan Mikrokekerasan (MH). Tetapan 
parameter terbaik untuk penyemperitan adalah pada T=550°C, t=1jam dan SiC 5%. 
Keputusan parameter ini untuk UTS=18022 MPa, ETF=18.07%, MH=71.52Hv, dan 
Ketumpatan=2.73 g/cm3. Berdasarkan RSM, dengan keinginan 87.67%, parameter 
maksimum T=550°C, t=2 jam dan SiC=5%. Telah dicadangkan untuk menghasilkan 
prestasi komposit yang optimal. Sifat mekanikal yang dianalisis oleh ujian tegangan 
dan mikrokekerasan. Manakala, analisis sifat fizikal akan memberi tumpuan kepada 
keseimbangan ketumpatan dan analisis mikrostruktur. Kesimpulannya, proses 
penyemperitan panas terbukti sebagai kaedah alternatif dalam kitar semula langsung 
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Aluminium is the most heavily used nonferrous metal in the world that it can be seen 
easily in packaging, soft drink cans, food plates, foils, sidings, gutters, and 
automotive parts. Aluminium is a perfectly recyclable material as it is a 100% 
material that is endlessly recyclable compared to other common recyclable materials 
that clutter up our landfills such as glass, paper, metals, cardboard and plastics.  Air 
pollution is associated with synthetic materials and other harmful impurities that 
diffuse and become part of the air. These materials are mostly industrial wastes, 
vehicle exhaust fumes, action logging, and solid particles and gases that escape into 
the air. There are many adverse effects that would befall mankind if control measures 
are not taken immediately to address the contamination. The government also takes 
the initiative to raise public awareness about recycling by introducing the 3R (Reuse, 
Reduce, Recycle) campaign to provide garbage bins of various colours, so that litter 
could be easily separated by categories such as plastic, glass and paper. Figure 1.1 
shows the evolution of different manufacturing concepts and their contributions to 
stakeholder values, and the proposed closed-loop system involving 6Rs.  
Metals have always been the most recycled material in the world. The 
recycling of waste metallic material and use of scrap is important for economic 
production of steelworks (Torkar et al., 2010). In fact, the making of steel requires 
recycled steel in the production of the raw material. Recycling metals saves energy 
and helps prevent the depletion of natural resources. An entire industry has grown up 
around recycling metal. This is because everything that contains metal is intrinsically 












always been the principal benefactors of aluminium products. Even at present, the 
bulk usage is in manufacturing doors and windows, followed by passenger vehicles. 
The short history of aluminium, in comparison to other metals, has seen extensive 
development and growth, revolutionizing the way we live. As new purposes are 
discovered in space exploration and here at home, recycled aluminium will continue 
to be an important part of the future. 
 
 
Figure 1.1: Close loop product life cycle system in 6R approach (Jayal et al., 2010) 
1.2 Research background 
Aluminium alloy is a lighter alloy used as structural metal, combining many 
advantages such as high specific stiffness, high specific strength, good dimensional 
stability, machinability, and offers excellent corrosion resistance with good strength 
and low density. Due to increasing demand, solid waste problem is one of the most 
popular issues that has received extensive public extension despite the increasing 
amount of aluminium utilized today coming from recycled metals such as in 
automotive components.  Based on the data from the International Aluminium 
Institute, the current global aluminium old scrap market primarily consists of scraps 
from automotive and packaging. These factors will make recycling more 
competitive, and over time, the relative importance of secondary aluminium 












which scrap aluminium can be reused in products after its initial production. 
However, there are losses at every stage of conventional aluminium recycling 
process, such as losses caused by metal oxidation during melting, some losses 
through mixing with the slag from the surface of the melt, and the rest are the scraps 
resulting from casting and further processing of the aluminium ingots. Ultimately, 
not more than 54% of the metal is recovered (Gronostajski et al., 2000). 
1.3 Problem statement 
Conventional recycling techniques generate dangerous residues that require 
elimination. This process usually requires high cost and vaporization techniques (Liu 
& Müller, 2012). Aluminium loss can easily reach 45%-50% and at the end, the 
aluminium loss is very high, making this traditional recovery procedure highly 
inefficient (Duflou et al., 2015). For that reason, aluminium is needed to have 
alternative recovery instead of conventional aluminium recycling as the demand 
increases and to prevent the shortage of the primary sources of aluminium that cause 
expensive cost of operation. At the same time, pollution to the environment can be 
reduced when the nature of recycling is adapted. Hot extrusion is proven have better 
properties by previous studies compared to other different techniques of recycling. 
The conventional aluminium recycling carried out with a melting phase at the same 
time requires pre-processing of the scraps to remove impurities. There are loses at 
every stage of recycling process due to metal oxidation, slag mixing, and scraps 
resulting from casting (Cui & Roven, 2010). Consequently, this study introduces a 
new approach of solid state direct recycling of aluminium using hot extrusion 
technique which leads to simpler steps and gives benefits of low energy consumption 
and operating cost due to the process implied above the recrystallization temperature 
(Chiba et al., 2011). 
On the other hand, the hardness and compression properties of the recycled 
materials are slightly lower than powder metallurgical-produced material. This is 
where reinforcing material plays an important role to bear a major portion of stress in 
the metal matrix composites due to its stiffer properties (Boopathin et al., 2013). To 
obtain better properties of the extruded products, new investigations are undertaken, 












particles into the aluminium chips on the properties of the final compaction products. 
Ceramic reinforcement such as alumina and silicon carbide (SiC) particles is widely 
used as reinforcement for aluminium alloy (Adamiak et al., 2004; Torralba et al., 
2003). For a while, silicon carbide particulates are the most favoured reinforcements 
for aluminium alloy composites because of the enhanced achievable properties such 
as hardness and compression (Canakci & Varol, 2014) whereby, the hardness of the 
AA7075 composites increase with increasing amount of SiC content. 
To overcome this problem, various studies are conducted to find the solution. 
Identifying the optimum method and parameter in direct conversion recycling 
prevents the melting phase and manages to reduce pollution. However, the related 
work conducted which focuses on aluminium chip particles mixed with SiC 
reinforcement was less reported. Therefore, this study proposes to investigate the 
effect of mechanical and physical properties with different compositions of 
reinforced particles, operating temperature and preheating time. Additionally, 
response surface methodology analysis is employed in order to create the 
optimization parameter.  
1.4 Objectives of study 
This research aims to seek the effect of hot extrusion parameters in solid state of 
recycled aluminium AA6061, which focuses on the objective as follows: 
i. To investigate effect of Silicon Carbide (SiC) on the mechanical and physical 
properties of recycled aluminium chips. 
ii. To determine the optimization of hot extrusion parameters effect over the 
mechanical properties response by employing the Response Surface 
Methodology (RSM). 
1.5 Scope of study 
To achieve the objectives of this research, there are scopes of works that should be 
considered: 
i. Selection of the material in this study 












b. Silicon Carbide as reinforced particles  
ii. Preparation of specimens AA6061-SiC composite at different percentage of 
reinforcement (5, 15) wt.%.  
iii. Conducting the solid state recycled through hot extrusion process with the 
designated parameter: 
a. Preheating temperature of 450 ºC and 550ºC. 
b. Preheating duration of 1 and 3 hours. 
iv. Developing the optimization on the effects of reinforced particles, operating 
temperature and preheating time over the mechanical properties responses by 
employing the Response Surface Methodology (RSM) approach: 
a. Software : Minitab 18 
b. 3 factors and 2 levels 
v. Investigating and evaluating the responses on mechanical and physical 
properties as below:  
a. Tensile analysis of ultimate tensile strength (UTS) and elongation to 
failure (ETF). 
b. Microstructure analysis focusing on grain size, grain boundary and 
void using optical microstructure (OM). 
c. Subsurface layer changes consisting of microhardness (Hv) using 
Vickers microhardness tester. 
d. Density of the specimen by using density balance machine. 
e. Fracture surface morphology using Scanning Electron Microscopy 
(SEM). 
1.6 Significant of study 
This research aim to explore the solid state recycled through new approach of direct 
recycling process by optimization parameter in hot extrusion method. The metal 
matrix composite (MMC) in this study will shows the improvement of strength and 
microstructure which is aluminium alloy as matrix material will be mixed with 
silicon carbide (SiC). The performance of mechanical and physical properties will be 
focus in this study. On the other hand, this study expected to review the possibility of 















2.1 Aluminium alloy 
In 1807, the English chemist Humphrey Davy, believed that the mineral alumina 
(Al2O3) had metallic base that was extracted to metal. He proceeded to name the 
metal as alumium and later changing its name to aluminium. In 1825, the Danish 
physicist/chemist, Hans Orsted, finally succeeded in separating the metal and noted it 
as “resemble tin”. In 1845, the German physicist, Friedrich Wohler, was the first to 
determine the specific gravity, ductility, and various other properties of aluminium 
(Groover, 2011). 
 The modern electrolytic process for producing aluminium was based on the 
concurrent but independent work of Charles Hall in the United States and Paul 
Heroult in France in around 1886. In 1888, Hall and a group of businessmen started 
the Pittsburgh Reduction Co. The first ingot of aluminium was produced by the 
electrolytic smelting process that same year. Because the demands for aluminium 
widened, the need for large amounts of electricity for the production process led the 
company to relocate in Niagara Falls in 1895, where hydroelectric power was 
becoming available at a very low cost. In 1907, the company changed its name to the 
Aluminium Company of America (Alcoa). It was the sole producer of aluminium in 
the United States until World War II (Groover, 2011).  
 Aluminium and magnesium are light metals, and regularly used in 
engineering applications.  Both elements are generous on Earth, aluminium on land, 
and magnesium in the sea, and are easily extracted from their natural shapes. Table 
2.1 shows the occurrence of elements on Earth where aluminium is the most 











source. Reared with oxygen and silicon, aluminium is the third common element and 
has a content amount up to 8% in the continental crust, and 6.8% in the entire Earth’s 
crust (Schmitz, 2014).  
 
Table 2.1: Occurrence of elements on earth (Schmitz, 2014) 
 
Element 
Occurrence in % 
Total earth Earth crust 
Others <1 <1 
Aluminium 1.1 8.0 
Ca 1.1 2.4 
Na <1 2.1 
K <1 2.3 
S 1.9 <1 
Ni 2.4 <1 
Mg 13.0 4.0 
Si 15.0 28.0 
O 30.0 46.0 
Fe 35.0 6.0 
 
Table 2.2 shows the characteristic of aluminium in comparison to copper and 
steel. Aluminium is a white silvery shining metal of high electrical conductivity and 
has good ductility. In terms of chemical reaction, it has high reactive base metal with 
high affection to hydrogen in the liquid phase and strong tendency to form 
aluminium oxide compounds. Due to the opaque oxide skin that seals the metal 
against air, it has good resistance on the surface from chemical attack. 
i. Low specific gravity 
It has density of 2.7 g/cm3, one third of the specific gravity of steel, and its 
ratio is also better than heavy metals. The advantage is when the low weight 
application is needed such as during construction, airplanes, vehicles and 
frequent movement component. The reduction of mass forces during 
acceleration and movement in transportable equipment results in lower 
energy requirements. It requires less cost for operation and maintenance 
because it has good resistance of corrosion. 
ii. Good strength  
Aluminium has different strength characteristic of alloy and suitable for a 
variety of designs in applications. 














Academy, N. D. (N.D.). Influence Of High Temperature Exposure on the Properties 
of Alumina Short Fibre Reinforced AA6061 Alloy, 23, 1317–1323. 
Adamiak, M., Fogagnolo, J. B., Ruiz-Navas, E. M., Dobrzañski, L. A., & Torralba, J. 
M. (2004). Mechanically Milled Aa6061/(Ti3al)P Mmc Reinforced With 
Intermetallics - The Structure And Properties. Journal Of Materials 
Processing Technology, 155–156(1–3), 2002–2006.  
Aigbodion, V. S., & Hassan, S. B. (2007). Effects of Silicon Carbide Reinforcement 
on Microstructure and Properties of Cast Al–Si–Fe/Sic Particulate 
Composites, 447, 355–360. 
Akbari, M. K., Baharvandi, H. R., & Shirvanimoghaddam, K. (2015). Tensile and 
Fracture Behavior of Nano/Micro Tib 2 Particle Reinforced Casting A356 
Aluminum Alloy Composites. Materials And Design, 66, 150–161.  
Astm E112-13. (2013). Astm E112-13. Standard Test Methods for Determining 
Average Grain Size, Astm International, West Conshohocken, Pa, 2013. 
Astm E3-11. (2017). Specimen. Standard Guide For Preparation of Metallographic 
Specimens, Astm International, West Conshohocken, Pa, 2017,. Retrieved 
From Www.Astm.Org 
Astm E8 / E8m - 16a. (2016). Astm E8 / E8m - 16a. Standard Test Methods For 
Tension Testing Of Metallic Materials, Astm International, West 
Conshohocken, Pa, 2016. 
Astm E92-82. (2003). Hardness. Standard Test Method For Vickers Hardness Of 
Metallic Materials, Astm International, West Conshohocken, Pa, 2003. 
Retrieved From Www.Astm.Org 
Astm G131-96. (2016). Cleaning. Standard Practice For Cleaning Of Materials And 
Components By Ultrasonic Techniques, Astm International, West 













Bansal, P., & Upadhyay, L. (2016). Effect Of Turning Parameters On Tool Wear , 
Surface Roughness And Metal Removal Rate Of Alumina Reinforced 
Aluminum Composite, 23, 304–310. 
Ben, B. A., & Monika, K. (2016). Fracture Toughness And Mechanical Properties Of 
Aluminum Matrix Composites With Fly Ash As Reinforcement, 3859–3863. 
Boin, U. M. J., & Bertram, M. (2005). Melting Standardized Aluminum Scrap : A 
Mass Balance Model For Europe, (August). 
Boopathi, M., Arulshri, K. P., & Iyandurai, N. (2013). Evaluation Of Mechanical 
2024 Reinforced With Silicon Carbide, 10(3), 219–229.  
Canakci, A., & Varol, T. (2014). Microstructure And Properties Of AA7075/Al – Sic 
Composites Fabricated Using Powder Metallurgy And Hot Pressing. Powder 
Technology, 268, 72–79.  
Casati, R., & Vedani, M. (2014). Metal Matrix Composites Reinforced By Nano-
Particles—A Review, 65–83.  
Ceschini, L. (2006). Science And Tensile And Fatigue Properties Of The AA6061/20 
Vol.% Al2O3p And Aa7005/10 Vol.% Al2O3p Composites, 66, 333–342. 
Chawla, K. K. T. A.-T. T.-. (2012). Composite Materials Science And Engineering. 
New York ; Springer. 
Chawla, N., Ganesh, V. V, & Wunsch, B. (2004). Finite Element Modeling of the 
Mechanical Behavior of SiC Particle Reinforced Aluminum Composites, 51, 
161–165. 
Chen, Z., Sun, G. A., Wu, Y., Mathon, M. H., Borbely, A., Chen, D., Wang, H. W. 
(2017). Multi-Scale Study Of Microstructure Evolution In Hot Extruded 
Nano-Sized Tib 2 Particle Reinforced Aluminum Composites, 116, 577–590.  
Chiba, R., Nakamura, T., & Kuroda, M. (2011). Journal Of Materials Processing 
Technology Solid-State Recycling Of Aluminium Alloy Swarf Through Cold 
Profile Extrusion And Cold Rolling. Journal Of Materials Processing Tech., 
211(11), 1878–1887.  
Choi, H. J., Kwon, G. B., Lee, G. Y., & Bae, D. H. (2008). Reinforcement With 
Carbon Nanotubes In Aluminum Matrix Composites, 59, 360–363.  















Das, S., Das, S., & Das, K. (2007). Science And Abrasive Wear Of Zircon Sand And 
Alumina Reinforced Al–4.5 Wt% Cu Alloy Matrix Composites–A 
Comparative Study, 67, 746–751.  
Diab, M., Pang, X., & Jahed, H. (2017). Surface & Coatings Technology The Effect 
Of Pure Aluminum Cold Spray Coating On Corrosion And Corrosion Fatigue 
Of Magnesium ( 3% Al-1% Zn ) Extrusion. Sct, 309, 423–435.  
Dobrzański, L. A., Kremzer, M., & Adamiak, M. (2008). Manufacturing Of 
Aluminium Matrix Composite Materials Reinforced By Al2O3 Particles, 
27(1), 99–102. 
Duflou, J. R., Tekkaya, A. E., Haase, M., Welo, T., Vanmeensel, K., Kellens, K.,  
Paraskevas, D. (2015). Cirp Annals-Manufacturing Technology 
Environmental Assessment Of Solid State Recycling Routes For Aluminium 
Alloys : Can Solid State Processes Significantly Reduce The Environmental 
Impact Of Aluminium Recycling?. Cirp Annals - Manufacturing Technology, 
8–11. 
El-Kady, O., & Fathy, A. (2014). Effect Of Sic Particle Size On The Physical And 
Mechanical Properties Of Extruded Al Matrix Nanocomposites. Materials 
And Design, 54, 348–353. 
Ezatpour, H. R., Parizi, M. T., Sajjadi, S. A., Ebrahimi, G. R., & Chaichi, A. (2016). 
Microstructure,Mechanical Analysis And Optimal Selection of 7075 
Aluminum Alloy Based Composite Reinforced With Alumina Nanoparticles. 
Materials Chemistry And Physics, 1–9. 
Ferro-Ceramic Grinding Inc. (2012). Silicon Carbide Properties. Retrieved 
December 27, 2015. 
Fogagnolo, J. B., Simón, M. A., & Martinez, M. A. (2003). Recycling Of Aluminium 
Alloy and Aluminium Matrix Composite Chips By Pressing And Hot 
Extrusion, 144, 792–795.  
Gronostajski, J., Marciniak, H., & Matuszak, A. (2000). New Methods Of 
Aluminium And Aluminium-Alloy Chips Recycling, 106, 34–39. 
Gronostajski, J., & Matuszak, A. (1999). The Recycling Of Metals By Plastic 
Deformation : An Example Of Recycling of Aluminium And Its Alloys 














Gronostajski, J. Z., Marciniak, H., Matuszak, A., & Samuel, M. (2001). Aluminium 
± Ferro-Chromium Composites Produced by Recycling of Chips, 119, 251–
256. 
Groover, M. P. (2011). Principles Of Modern Manufacturing. Wiley. Retrieved From 
Https://Books.Google.Com.My/Books?Id=_Zvqpgaacaaj 
Guluzade, R., Avcı, A., Demirci, M. T., & Erkendirci, Ö. F. (2013). Fracture 
Toughness Of Recycled Aisi 1040 Steel Chip Reinforced Almg1sicu 
Aluminum Chip Composites, 52, 345–352. 
Guo, X., & Derby, B. (1995). Solid-State Fabrication And Interfaces Of Fibre 
Reinforced Metal Matrix Composites, 39(95). 
Hu, Q., Zhao, H., & Li, F. (2016). Author’S Accepted Manuscript. Materials Science 
& Engineering A. 
Iwai, Y., Honda, T., Miyajima, T., Iwasaki, Y., & Surappa, M. K. (2000). Dry 
Sliding Wear Behavior Of Al2O3 ® Ber Reinforced Aluminum Composites, 
60. 
Jayal, A. D., Badurdeen, F., Dillon, O. W., & Jawahir, I. S. (2010). Sustainable 
Manufacturing: Modeling And Optimization Challenges At The Product, 
Process And System Levels. Cirp Journal Of Manufacturing Science And 
Technology, 2(3), 144–152. 
Kalkanli, A. (2017). Melt Infiltration Casting Of Alumina Silicon Carbide And 
Boron Carbide Journal Of Material Sciences & Engineering Melt Infiltration 
Casting Of Alumina Silicon Carbide And Boron Carbide Reinforced 
Aluminum Matrix Composites, (November). 
Kalpakjian, S., Schmid, S. R., & Sekar, K. S. V. (2014). Manufacturing Engineering 
And Technology. Prentice Hall. 
Kang, Y., & Chan, S. L. (2004). Tensile Properties Of Nanometric Al 2 O 3 
Particulate-Reinforced Aluminum Matrix Composites, 85, 438–443.  
Kuddus, S., Mustapa, M. S., Ibrahim, M. R., Shamsudin, S., Irfan, M., Kadir, A., & 
Lajis, M. A. (2017). Microstructures And Tensile Characteristics On Direct 
Recycled Aluminium Chips Aa6061 / Al Powder By Hot Pressing Method, 













Kurs, A., Bayraktar, E., & Enginsoy, H. M. (2016). Experimental And Numerical 
Study Of Alumina Reinforced Aluminum Matrix Composites : Processing , 
Microstructural Aspects And Properties, 90, 302–314. 
Kwon, H., Estili, M., Takagi, K., Miyazaki, T., & Kawasaki, A. (2008). Combination 
Of Hot Extrusion And Spark Plasma Sintering For Producing Carbon 
Nanotube Reinforced Aluminum Matrix Composites. Carbon, 47(3), 570–
577.  
Kwon, H., Leparoux, M., Yu, J., & Wen, W. (N.D.). Microstructure Of Arc Brazed 
And Diffusion Bonded Joints Of Stainless Steel And Sic Reinforced 
Aluminum Matrix Composite.  
Lin, J. T., & Bhattacharyya, D. (1998). Chip Formation Reinforced Aluminium-
Matrix Of Sic-Particle-Composites, 3538(97), 285–291. 
Liu, G., & Müller, D. B. (2012). Addressing Sustainability In The Aluminum 
Industry : A Critical Review Of Life Cycle Assessments, 35, 108–117.  
Mani, B., & Paydar, M. H. (2010). Application Of Forward Extrusion-Equal Channel 
Angular Pressing ( Fe-Ecap ) In Fabrication Of Aluminum Metal Matrix 
Composites, 492, 116–121.  
Mao-Liang, H. U., Ze-Sheng, J. I., & Xiao-Yu, C. (2010). Effect Of Extrusion Ratio 
On Microstructure And Mechanical Properties Of Az91d Magnesium Alloy 
Recycled From Scraps By Hot Extrusion, 6326(September 2009), 9–13.  
Mares, M. (2001). Some Issues On Tailoring Possibilities For Mechanical, 3(1), 
119–124. 
Mussert, K. M. (2002). A Nano-Indentation Study on the Mechanical Behaviour of 
the Matrix Material in an AA6061 - Al2O3 Mmc, 7, 789–794. 
Ozben, T., Kilickap, E., & Orhan, C. (2007). Investigation Of Mechanical And 
Machinability Properties Of Sic Particle Reinforced Al-Mmc, 8, 220–225.  
Paraskevas, D., Dadbakhsh, S., Vleugels, J., Vanmeensel, K., Dewulf, W., & Du, J. 
R. (2016). Solid State Recycling Of Pure Mg And Az31 Mg Machining Chips 
Via Spark Plasma Sintering, 109, 520–529.  
Parvin, N., & Rahimian, M. (2012). The Characteristics Of Alumina Particle 
Reinforced Pure Al Matrix Composite, 121(1), 108–110. 
Pezda, J. (2014). The Effect Of The T6 Heat Treatment On Hardness And 













Quan, Y. M., Zhou, Z. H., & Ye, B. Y. (1999). Cutting Process and Chip Appearance 
of Aluminum Matrix Composites Reinforced by SiC Particle, 91, 231–235. 
Rahimian, M., Ehsani, N., Parvin, N., & Baharvandi, H. Reza. (2009). The Effect Of 
Particle Size, Sintering Temperature And Sintering Time On The Properties 
Of Al-Al2O3 Composites, Made By Powder Metallurgy. Journal Of Materials 
Processing Technology, 209(14), 5387–5393.  
Rahimian, M., Parvin, N., & Ehsani, N. (2011). The Effect Of Production Parameters 
On Microstructure And Wear Resistance Of Powder Metallurgy Al–Al2O3 
Composite. Materials & Design, 32(2), 1031–1038.  
Rahman, H., & Al, H. M. M. (2014). Characterization Of Silicon Carbide Reinforced 
Aluminum Matrix Composites. Procedia Engineering, 90, 103–109.  
Reddy, A. C. (2001). Cmc Behavioral Characteristics Of Graphite / AA6061 Alloy 
Particle- Reinforced Metal Matrix Composites, (May), 263–269. 
Rino, J. J., Chandramohan, D., & Sucitharan, K. S. (2012). An Overview On 
Development Of Aluminium Metal Matrix Composites With Hybrid 
Reinforcement, 1(3), 196–203. 
Road, P. (1996). Characterization Of Microstructural Damage During Plastic Strain 
Of A Particulate-Reinforced Metal Matrix Composite At Elevated 
Temperature, 31, 297–303. 
Sabirov, I. (2005). Equal Channel Angular Pressing Of Metal Matrix Composites : 
Effect On Particle Distribution And Fracture Toughness, 53, 4919–4930.  
Saha, P. K. (2000). Aluminum Extrusion Technology, The Materials Information 
Society, Asm International, Materials Park, Ohio. 
Sahin, Y. (2014). Preparation And Some Properties Of Sic Particle Reinforced 
Aluminium Alloy Composites, 24, 671–679.  
Salama, E. I., Abbas, A., & Esawi, A. M. K. (2017). Composites : Part A Preparation 
And Properties Of Dual-Matrix Carbon Nanotube-Reinforced Aluminum 
Composites. Composites Part A, 99, 84–93.  
Samuel, M. (2003). A New Technique For Recycling Aluminium Scrap. Journal Of 
Materials Processing Technology, 135(1), 117–124.  
Schikorra, M., Tekkaya, A. E., & Kleiner, M. (2008). Experimental Investigation Of 
Embedding High Strength Reinforcements In Extrusion Profiles. Cirp Annals 













Schmitz, C. (2014). Handbook Of Aluminium Recycling Mechanical Preparation, 
Metallurgical Processing, Heat Treatment. Essen: Vulkan. 
Shamsudin, S., Zhong, Z. W., Rahim, S. N. A., & Lajis, M. A. (2016). The Influence 
Of Temperature And Preheating Time In Extrudate Quality Of Solid-State 
Recycled Aluminum. The International Journal Of Advanced Manufacturing 
Technology.  
Shang, J. K. U., Yu, W., & Ritchie, R. O. (1988). Role Of Silicon Carbide Particles 
In Fatigue Crack Growth In Sic-Particulate-Reinforced Aluminum Alloy 
Composites, 102, 181–192. 
Sherafat, Z., Paydar, M. H., & Ebrahimi, R. (2009). Fabrication Of Al7075/Al, Two 
Phase Material, By Recycling Al7075 Alloy Chips Using Powder Metallurgy 
Route. Journal Of Alloys And Compounds, 487(1–2), 395–399.  
Slipenyuk, A. (2006). Properties Of P / M Processed Particle Reinforced Metal 
Matrix Composites Specified By Reinforcement Concentration And Matrix-
To-Reinforcement Particle Size Ratio, 54, 157–166.  
Slipenyuk, A. N. (2006). Effect Of Microstructure On Young ’ S Modulus Of 
Extruded Al – Sic Composites Studied By Resonant Ultrasound 
Spectroscopy, 8329–8338.  
Sri, T. S., Al-Hajri, M., Smith, C., & Petraroli, M. (2009). The Tensile Response And 
Fracture Beha V Ior Of 2009 Aluminum Alloy Metal Matrix Composite, 
346(2003), 91–100. 
Strong, A. B. (2008). Fundamentals Of Composites Manufacturing, Second Edition: 
Materials, Methods And Applications. Society Of Manufacturing Engineers. 
Tan, M. J., & Zhang, X. (1998). Powder Metal Matrix Composites: Selection And 
Processing, 244, 80–85. 
Tan, Z., Chen, Z., Fan, G., Ji, G., Zhang, J., Xu, R., … Zhang, D. (2016). Effect Of 
Particle Size On The Thermal And Mechanical Properties Of Aluminum 
Composites Reinforced With Sic And Diamond. Jmade, 90, 845–851.  
Tekkaya, A. E., Schikorra, M., Becker, D., Biermann, D., Hammer, N., & Pantke, K. 














Tekkaya, A. E., Schikorra, M., Becker, D., Biermann, D., Hammer, N., & Pantke, K. 
(2009). Hot Profile Extrusion Of Aa-6060 Aluminum Chips. Journal Of 
Materials Processing Technology, 209(7), 3343–3350.  
Torkar, M., Lamut, M., & Millaku, A. (2010). Recycling Of Steel Chips. Materiali In 
Tehnologije, 44(5), 289–292. 
Torralba, J.M.; Costa, C.E.; Velasco, F., P. (2003). Aluminum Matrix Composites: 
An Overview. Journal Of Processing Technology, A 133, 203–206. 
Trowsdale, A. J., Noble, B., Harris, S. J., Gibbins, I. S. R., Thompson, G. E., & 
Woods, G. C. (1996). The Influence Of Silicon Carbide Reinforcement On 
The Pitting Behaviour Of Aluminium, 38(2), 177–191. 
Umasankar, V., Xavior, M. A., & Karthikeyan, S. (2014). Experimental Evaluation 
Of The Influence Of Processing Parameters On The Mechanical Properties 
Of Sic Particle Reinforced Aa6061 Aluminium Alloy Matrix Composite By 
Powder Processing. Journal Of Alloys And Compounds, 582, 380–386.  
Vargas, A. (2018). Imece2017-70115 Machinability Study On Sic Particle 
Reinforced Aluminum Alloy Composite ( Sicp / Al ) Material With Cvd 
Diamond Coated End Mills, 1–10. 
Zhang, T., Ji, Z., & Wu, S. (2011). Effect Of Extrusion Ratio On Mechanical And 
Corrosion Properties Of Az31b Alloys Prepared By A Solid Recycling 
Process, 32, 2742–2748.  
Zhou, W., & Xu, Z. M. (1997). Materials Processing Technology Casting Of Sic 
Reinforced Metal Matrix Composites Serial Number Of Measured Fields. 
 
 
 
  
PTTA
PERP
UST
AKA
AN 
TUN
KU T
UN
AMI
NAH
